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Abstract

Biochar is an emerging soil amendment that has gained significant attention in the past two decades. 
Besides other benefits for the soil and the entire environment, biochar plays a remarkable role in improving 
the soils for agricultural production. Contrary to other sources of organic matter, biochar is composed 
of a larger proportion of aromatic carbon (C), which gives it high biodegradability, high organic carbon 
(OC) content, and concentration of plant nutrients. This makes biochar a high-quality source of organic 
matter. Due to the properties possessed by biochar, once applied to the soil, it will tend to improve the soil 
properties which will consequently modify the properties to better suit the crop production. Therefore, 
this review provides insights into how the chemical, physical, and biological soil properties are affected 
following the biochar application.

Highlights

mm Biochar improves soil physical, chemical, and biological properties, leading to enhanced soil fertility 
and agricultural productivity.

mm Biochar it effectively immobilizes and adsorbs both organic and inorganic pollutants, reducing their 
uptake by crops.

mm Biochar contributes to long-term carbon storage in soils, aiding climate change mitigation efforts.
mm Biochar promotes microbial diversity and activity, thereby supporting soil biological functions and 
resilience

Keywords: Biomass, soil pH, soil microorganisms, organic and inorganic pollutants, mineralization, 
immobilization, soil nutrients

According to Nair et al. (2022), biochar is a carbon-
rich substance that is created during the process 
known as pyrolysis, which is the thermochemical 
breakdown of biomass at a temperature of roughly 

mailto:emzephania@mzumbe.ac.tz


Ngaiza et al.

120Print ISSN : 2347-9655 Online ISSN : 2454-9541

ASSOCIATION FOR AGRICULTURE
ENVIRONMENT AND BIOTECHNOLOGY

A A

E B

≤700°C without or with a limited supply of oxygen. 
Biochar is super charcoal produced by heating any 
biomass without oxygen, according to definitions 
provided by other authors (John 2021; Tanure et al. 
2019; Mwadalu et al. 2022). The biomass used are 
sourced from various sources such as corncobs, 
rice or wheat straw, potato or soy hay, and husks 
or stalks. About 40% of the pure carbon that 
was once present in the biomass is burned away 
along with cellulose, lignin, and other non-carbon 
components. The European Biochar Foundation has 
recently described biochar as the emerged product 
of pyrolysis of plant biomass materials that yield 
a porous, carbonaceous substance that is used in 
industrial processes to either replace fossil carbon or 
store carbon for extended periods. It’s not designed 
to be burned to produce energy (Conte et al. 2021).
According to Schmidt and Noack (2000), biochar 
has a higher amount of aromatic carbon such as 
lignin than soil organic matter. This is how biochar 
differs from other organic matter: it has ideal 
concentrations of micro- and macroelements and 
high levels of total and organic carbon in addition to 
its high biodegradability capacity (Malińska 2012). 
Hernandez-Soriano et al. (2014) also report that 
biochar has a high surface area, and a high quantity 
of functional groups with longitudinal pores ranging 
in size from micropores to macropores, as well as 
a high porosity. Theres exists multiple varieties of 
biochar, including but not limited to wood, straw, 
shell, bamboo, sludge, manure, and numerous 
additional types. The pyrolytic temperature and 
the biochar’s composition are the reasons for this 
classification (Jindo et al. 2014). The components, 
volatiles, and ash content of the final biochar are all 
determined by the type of material employed in its 
manufacture (Ippolito et al. 2015).
Many scholars report the ability of biochar to 
improve the quality of soil. Applying biochar 
can increase the amount of organic matter in the 
soil, which raises soil fertility (Wei et al. 2019; 
Alkharabsheh et al. 2023; Khan et al. 2025; Shao et al. 
2024). Biochar can contain some nutrients depending 
on the material used and the pyrolysis temperature 
used in its production, and because of its highly 
porous structure, it can also help the soil retain 
nutrients. Additionally, according to Muh et al. 
(2021), biochar can raise soil electrical conductivity 
and nutrient level while decreasing the acidity of 

the soil. These changes accelerate the availability 
of nutrients in the soil. According to certain data, 
plants may have less access to trace elements when 
using biochar. The level of As, Cd, and Cu in plant 
shoots was found to have significantly decreased 
by Osayi et al. (2014) following the application of 
biochar. However, the availability and uptake of 
heavy metals by the plant varied based on the metal 
and the rate of biochar application. According to 
Holt (2021), applying biochar decreased the toxicity 
of aluminum to soil microbiota and plant roots.
Biochar can restore farmed soils, especially when 
taking into account the environmental problems 
brought about by heavy metal pollution of arable 
soils. Using biochar as a soil amendment is an 
inexpensive, green technology that improves crop 
yield, makes vital nutrients more accessible, and 
lowers mobility and bioavailability of heavy metals 
(Giudicianni et al. 2013). Consequently, there is a 
decreased risk to the public’s health when eating 
crops grown in fields that have been treated with 
biochar. The additional biochar can also be used 
as an organic fertilizer to increase crop yields. This 
review paper centers on the advantages of adding 
biochar to the soil to increase its productivity 
potential, decrease the uptake of toxic metals by 
plants, and ultimately enhance crop production 
potential.

Biochar Production
Thermochemical conversion is one technique that has 
gained popularity recently for turning biomass into 
biochar. A range of techniques, such as pyrolysis, 
gasification, torrefaction, hydrothermal, and 
carbonization are involved in biochar production. 
However, among the methods mentioned above, 
pyrolysis is the most frequently used. Pyrolysis 
usually produces gas and bio-oil in addition to 
biochar (Pang, 2019). Pyrolysis is the process of 
thermally breaking down organic compound at a 
temperature between 250 and 900 °C in an aerobic 
environment. The process of pyrolysis transforms 
biomass into new, highly valuable products like 
bio-oil, syngas, and charcoal (Osayi et al. 2014).
During pyrolysis components like hemicellulose, 
cellulose, and lignin undergo reaction mechanisms 
that include fragmentation, depolymerization, and 
cross-linking, resulting in products that can be 
in liquid, solid, or gaseous state (Yaashika et al. 
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2020). The gaseous products are carbon monoxide, 
carbon dioxide, hydrogen, and syngas while the 
solid byproducts include bio-oil and charcoal. A 
range of reactor designs, such as wagon reactors, 
paddle kilns, and agitated rotating kilns, are used 
to produce biochar (de Jong and Gosselink, 2014; 
Nanda et al. 2016). The controlling parameter that 
governs the efficiency of the process is temperature. 
The rate at which biochar is synthesized is also 
affected by pressure, residence time, and heating 
rate (Lin et al. 2016). When the temperature is 
changed yield of biochar declines while that of 
syngas increases; the yield varies based on the type 
of biomass used (Wei et al. 2019; Muh et al. 2021). 
Since cellulose, hemicellulose, and lignin make up 
the bulk of the biomass, such compounds must 
undergo various reactions (Giudicianni et al. 2013).

Cellulose decomposition

Cellulose decomposition is broken down by 
lowering the degree of polymerization, which 
requires two steps of reactions. First, through 
moderate pyrolysis, which necessitates breaking 
down of cellulose over a longer residence time with 
a lower heating rate; and second, through rapid 
pyrolysis, which quickly volatilizes to produce 
levoglucosan at a high heating rate (Shen et al. 2011). 
To make hydroxymethyl furfural, levoglucosan is 
dehydrated. This compound can then be broken 
down to produce liquid or gaseous compounds 
like syngas and bio-oil, that’s how biochar is 
made. Furthermore, the hydroxymethyl furfural 
can undergo several steps, including condensation, 
aromatization, and polymerization, to produce solid 
biochar (Collard and Blin, 2014).

Hemicellulose decomposition

The breakdown of hemicellulose has a close similarity 
to that of cellulose. To create oligosaccharides, 
depolymerization takes place. For the production 
of biochar or other bioproducts like syngas and bio-
oil, this process goes through several phases, such 
as decarboxylation, intramolecular, rearrangement, 
aromatization, and, depolymerization (Huang et al. 
2013).

Lignin decomposition

When comparing lignin’s breakdown to that of 
cellulose and hemicellulose, it is distinct and 

more intricate. To produce free radicals, the 
β-O-4 lignin connections have to break down. 
Decomposed compounds can develop as a result 
of the generated radicals trapping protons from 
other species. Moving on to other molecules, the 
free radicals conduct chain propagation (Mu et al. 
2013; Wu et al. 2023).

3. Factors that Determine 
Properties of Biochar

Feedstocks

The biomass or feedstocks dictate the characteristics 
of biochar. Composed of biological, organic, or 
inorganic components that were formerly a part of 
living things, biomass is a complex solid substance. 
Biomass comes in two varieties: biomass that is 
woody and biomass that isn’t (Victor et al. 2025; 
Luciana et al. 2025). Woody biomass is characterized 
by low moisture content and waste products, high 
density, and calorific value for example forestry 
and tree residues (Huang et al. 2012; Ilomo et al. 
2025; Tripathi et al. 2016). Animal waste and solid 
residues from industry and agriculture are examples 
of non-woody biomass, which is distinguished by 
low density and calorific value, significant moisture 
content, and high debris. The moisture content of 
both types of biomasses has a major impact on 
biomass production (Jafri et al. 2018). Water vapor 
and liquid water that seep into the biomass’s pores 
are among the different moisture contents found 
in the biomass. The char yield will be significantly 
impacted by the high moisture content in the 
biomass because it will require more energy to reach 
the pyrolysis temperature (Tomczyk et al. 2020). 
Low moisture encourages the production of biochar 
because it will shorten the longevity and quantity 
of heat energy needed for pyrolysis. Therefore, 
compared to situations where biomass has a high 
moisture content, this is more economically feasible 
(Zaman et al. 2017; Sakhiya et al. 2020; Riziki et al. 
2024).

Carbonization temperature

For pyrolysis to effectively convert biomass into 
biochar, temperature is the primary determinant. 
At extreme temperatures in an oxygen-free 
atmosphere, this thermal degradation process is 
greatly encouraged. Depending on the conditions 
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at hand, pyrolysis cycles fall into one of three 
basic categories; firstly, slow pyrolysis followed by 
moderate pyrolysis, and the last is rapid pyrolysis 
that needs the heat anergy of, 300 °C, and 500 °C 
and > 500 °C respectively. The physicochemical 
properties and structure of biochar are determined 
in large part by the carbonization temperature. 
According to Dhyani and Bhaskar (2018), these 
physiochemical characteristics include functional 
groups, surface area, elemental components, and 
pore structure. Higher temperatures affect these 
qualities because of the rise in volatiles.

Residence time

When the residence time is extended at low 
pyrolysis (300 °C) temperature, the yield of biochar 
will gradually decline. Alongside this will be a 
reformist in pH generated quantity of biochar for 
iodine adsorption. However, longer residence times 
at high pyrolysis temperatures (600 °C) probably 
have less of an effect on biochar yield or pH, 
however, they do reduce the volume of iodine that 
biochar can adsorb (Liang et al. 2016).

Pre-treatment of biomass

Biochar properties are highly influenced by 
the biomass’s pre-treatment by combining the 

various ingredients and lowering the particle 
size of the biomass. A mildly acidic solution is 
used to soak pine wood as a sample of biomass 
pretreatment (Xu et al. 2017). Metal doping and 
nitrogen presence influence the synthesis of biochar, 
whereas steaming or soaking can change the 
elemental composition and properties of biochar. 
Baking can decrease oxygen and moisture content 
while increasing carbon content (Mishra et al. 2023). 
Biochar production can also be affected by mineral 
composition like chlorine concentration and soluble 
bases. This can increase consumption and biochar 
production (El-Naggar et al. 2019).

Benefits of Biochar as a Soil 
Amendment

Regulates soil temperature

It has been established that using biochar helps to 
control the temperature of the soil. The synergistic 
interaction between variations in soil reflectance and 
thermal conductivity may form the basis for this 
regulatory capability (Fig. 1). According to Chang 
et al. (2021), biochar application in the soil was 
negatively correlated with soil temperature. There 
was, nevertheless, no discernible difference between 
the groups. Zhang et al. (2013a) showed that 
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Fig. 1: Benefits of biochar amendment in agricultural soil



Revisiting the Potential use of Biochar Amendment in Agricultural Soils: A Review

123Print ISSN : 2347-9655 Online ISSN : 2454-9541

ASSOCIATION FOR AGRICULTURE
ENVIRONMENT AND BIOTECHNOLOGY

A A

E B

increasing the rate of biochar leads to the dramatic 
fall of thermal conductivity up to 7.5% with 9.0 Mg 
ha−1 yr−1 of biochar addition. According to Zhang 
et al. (2013b), biochar will lower soil temperatures 
when it is applied to warmer soils and vice versa 
by ± 0.4 °C and ± 0.8 °C during the day and at night, 
respectively.

Improve soil bulk density

Biochar application enhances the soil’s characteristics 
more significantly in sandy soils as opposed to 
clayey soils (Glab et al. 2016). Moreover, the research 
conducted by Blanco-Canqui (2017) found that 
biochar lowered the bulk density of loamy sand soil 
more than in sandy soil. Reducing the size of the 
biochar particles enhances water retention but might 
additionally reduce saturated water flow (Mwadalu 
et al. 2024). It was later determined that adding 
biochar to soil increased its porosity by 14–64%, 
and decreased its bulk density by 3–31% (Table 1). 

Table 1: Effect of biochar on the soil bulk density in 
0-15 cm soil under different feedstock types and soil 

types

Soil type Time Feedstock 
type

Temp. 
(°C)

Biochar 
rate

Bulk 
density 
(Mg m−3)

Silica 
sand

NA Mesquite 400 0% 1.62a
2% 1.45b
4% 1.34c
6% 1.28d
8% 1.2e
10% 1.11f

Sandy 
loam

6 months Rice husk 600 0% 1.41b
0.10% 1.31cd
0.50% 1.28de
1% 1.24e

Sand 6 months Rice husk 600 0% 1.45a
0.10% 1.39b
0.50% 1.32c
1% 1.27c

Loam 4 years Peanut 
shells

300-350 0 Mg ha−1 1.36a
28 Mg ha−1 1.31b

Clay 
loam

2 years Corn 
residue

400 0 Mg ha−1 1.35a
10 Mg ha−1 1.3ab
20 Mg ha−1 1.24b

Silty clay 
loam

3 months Wheat 
bran

400 0 Mg ha−1 1.07a
800 14 Mg ha−1 0.93b
1200 0.96b

Source: Modified from Blanco-Canqui (2017).

The physical nature of the soil greatly impacts the 
accessibility of air and water in the soil, the impact 

of biochar on soil physical qualities has a direct 
influence on plant root growth. It may also impact 
the soil’s capacity to retain cations, adjust to pH 
changes, and react to water. It may also have an 
impact on the soil’s aggregation, dynamics, and 
permeability during expansion (Chang et al. 2021; 
Baiamonte et al. 2011).

Reduces soil particle density and Increases 
porosity

Although particle density is typically disregarded 
in standard soil testing and characterization, it is 
nonetheless significant to note that it has a direct 
effect on several soil parameters, most notably soil 
porosity. It affects further features like particular 
surface area, thermal parameters, and sedimentation 
(Carter and Bentley, 2016). Particle density of 
biochar is modest ranging between 1.5 and 2.0 g  
cm-3. Nevertheless, the non-amended soils had 
particle sizes ranging from 2.4 to 2.8 g cm-3 (Suliman 
et al. 2017). As a result, the soil particle density is 
reduced following the application of biochar and 
increases the soil porosity. The porosity of the soil 
increases significantly through the application of 
biochar that contains no more than or equal to 
60% carbon (Suliman et al. 2017). Githinji (2014) 
conducted a laboratory experiment using loamy 
sand on the impact of biochar on soil porosity. 
The results showed a linear decrease in particle 
density (R2 = 0.9) as biochar application at 100% 
can minimize particle density from 2.62 to 1.6 g 
cm-3 (Fig. 2).

Fig. 2: Impact of biochar on soil porosity

Adding biochar to the soil increased its porosity 
from 2 to 41%. It was discovered that application 
of biochar amendment was directly correlated with 
an increase in porosity. However, as it was the case 
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with bulk density, the effect of enhanced porosity 
caused by the application of biochar was more 
noticeable in the macropores or coarse-textured soils 
than in clayey soils (Blanco-Canqui, 2017). Also, 
decreased soil parking, greater interaction of mineral 
particles, and decreased bulk density have been 
reported to be the root cause of the improvement 
in soil porosity following biochar application (Obia 
et al. 2016). Conversely, Esmaeelnejad et al. (2017) 
observed that soil porosity was not impacted by 
applying wheat bran pyrolyzed at 800 °C, however, 
it was discovered that applying the same wheat 
pyrolyzed at 1200 °C increased soil porosity. 
Hence, the experiment revealed soil porosity was 
improved following the incorporation of biochar. 
Biochar enhances soil porosity, which can benefit 
the flow of gaseous substances, heat, and water 
in the soil (Garg et al. 2021; Arvidsson, 1999). The 
greater overall porosity and lower bulk density, 
nevertheless, might not always be advantageous 
for plant growth, thus this must also be taken into 
attention (Andrenelli et al. 2016).

Improves conditions of soil microbial diversity

By giving soil microbial communities greater room 
to grow, biochar helps to increase the density 
and biodiversity of these communities (Rasul et 
al. 2022). According to Andrenelli et al. (2016), 
the microorganisms residing within the biochar 
structure are actively producing polysaccharide 
compounds that have the potential to improve soil 
aggregates, hence enhancing the overall health and 
condition of the soil. Biochar acts as a protective 
shield for the soil biome in dry soil due to its nature 
of having a large surface area, which promotes the 
expansion of said community (Kuzyakov et al. 2009; 
Shaheen et al. 2019; Sahoo et al. 2024). In general, 
biochar influences the biological characteristics of 
the soil, such as microbial biomass, macrofaunal 
activities, and nitrogen-cycling enzymes (Graber et 
al. 2011). According to other different studies, high-
frequency biochar addition tends to stimulate latent 
soil bacteria, leading to an upsurge in microbial 
respiration. Moreover, once inside the soil it will 
typically give a very hospitable environment for the 
microbial communities because of its porous nature 
(Knicker 2007; Hamer et al. 2004). Moreover, biochar 
will use sorption to lessen the harmful components’ 
bioavailability (Li et al. 2017). According to Paz-

Ferreiro et al. (2016), the combination of biochar with 
labile components that typically exhibit biocidal 
activity may also stabilize the biotic breakdown 
occurring in the soil.

Source of food for soil microbes

Even though microbes do not use biochar as a 
source of energy, charcoal has been reported to 
undergo microbial decomposition in early research 
conducted in the 20th century. According to certain 
research, biochar begins to mineralize as it breaks 
down (Skjemstad et al. 2002). Following the addition 
of the biochar, higher respiration rates were 
observed. After adding biochar to the soil, there is 
an initial flush of carbon mineralization. Biphasic 
patterns of biochar mineralization indicate that the 
condensed aromatic ring structures are degrading 
slowly to negligibly levels after the labile or volatile 
components of the biochar are degraded rapidly 
(Fierer et al. 2003).
Knicker et al. (2008) state that biochar decomposes 
differently from other forms of natural char. It is 
unlikely that volatiles will recondense because 
volatilization of organic compounds will occur 
at temperatures of between 400 and 500 °C since 
the oxygen available for the breakdown of natural 
chars is limited. When biochar is added to the soil, 
integrated organic carbon (OC) can be released 
into the soil as a source of food for microbes 
through mineralization process (Bruun et al. 2008). 
According to Kuzyakov et al. (2009), the kind of 
raw material used to make the biochar determines 
how much integrated organic carbon is present. 
For instance, the rate at which ryegrass biochar was 
incorporated into microbial biomass varied from 1.5 
to 2.6% after 624 days. This confirms the biphasic 
breakdown pattern of biochar and shows the limited 
sustenance that bacteria can obtain from it even after 
a prolonged incubation period.
Many types of fungi that are saprophytic, use 
biochar as their primary source of nourishment. 
The ability of the fungi to release extracellular 
enzymes that react with various forms of biochar 
makes this possible. Certain members of the phylum 
Basidiomycota, Nematoloma frowardii, and Clitocybula 
duseni are attributed to this characteristic. It was 
also found that, in addition to biotic factors, some 
abiotic processes, like chemisorption and carbonate 
dissolution, influence the rate of mineralization. 
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Research by Jones et al. (2011) and Spokas et al. 
(2009), revealed the carbonate production during 
the pyrolysis process which dissolved abiotically 
to the soil microbes when biochar was added to 
the soil. Furthermore, when the soil is treated with 
biochar that has a significant carbonate content, the 
initial C-respiration will be larger than whenever the 
inserted biochar included fewer levels of carbonates 
(Bruun et al. 2008).

Improves Soil Organic Matter (SOM)

According to Kolb et al. (2009) and Cross and Sohi 
(2011), biochar effects on the SOM depend on the 
pre-existing SOM and how it interacts with the 
microbial community. For example, adding biochar 
to the soil containing very little SOM will result 
in a significant increase in biomass and microbial 
respiration (Whitehead et al. 201). Biochar addition 
to the soils with low SOM, not only increases 
microbial habitat and accessible C but also makes 
the soil bacteria in these types of soils more nutrient-
adapted than in soils with high SOM (Dignac et al. 
2017). Applying biochar to SOM-rich soils will boost 
microbial biomass, albeit not as much as in SOM-
deficient soils. Furthermore, it was demonstrated 
by Cross and Sohi (2011) that bare fallow soils, 
which had higher resistant SOM pools than arable 
and grassland soils, respired more biochar-C. This 
implies that the rate at which carbon mineralization 
occurs is determined in large part by native SOM.

Improves nutrient availability in the soil

According to Laird et al. (2010), biochar has a high 
porosity that enhances its ability to bind soil and 
permits greater cation and anion binding. Also, 
high porosity provides soil microbes with lots of 
space (Atkinson et al. 2010). Moreover, biochar 
raises the pH of the soil, which greatly increases 
the amount of phosphorus and potassium that are 
available for uptake by microorganisms and plants 
(Toková et al. 2020). Liang et al. (2006) state that 
the oxidation of aromatic carbon, which produces 
carboxylic groups and increases soil CEC, always 
occurs after the biochar application. The increase in 
CEC is directly correlated with soil fertility because 
nutrients are held in the soil and are less likely to be 
lost through leaching (Emmanuely et al. 2023). When 
highly oxidized organic matter is incorporated into 
the biochar, the outermost layer loses its negative 

charge and becomes negatively charged. However, 
a similar study demonstrated that biochar impacted 
soils with sand by increasing the levels of soil CEC 
and soil fertility (Krishna et al. 2024; Ajayi et al. 2017; 
Zhang et al. 2021; Ray et al. 2025).

Enhance Soil Organic Carbon Sequestration

Soil carbon (C) is responsible for several soil 
processes such as retaining and infiltrating water, 
producing biomass, storing carbon, and storing 
nutrients (Chenu et al. 2019). A crucial determinant 
of the productivity of soil is soil organic C. At a 
depth of one meter in the soil, the SOC pool is 
equal to twice the atmospheric C stock. It follows 
that even a slight rise in SOC has an impact on 
the atmospheric supply (Dawson and Smith 2007). 
Different parameters including soil properties, 
climate, and agricultural practices, are said to have 
an impact on the rate of decomposition of SOC 
(Lal, 2018). The soil carbon stocks may be depleted 
as a result of certain agricultural practices, such 
as frequent planting of crops with shallow roots 
and high soil disturbances (Sanderman et al. 2018). 
Furthermore, a substantial contribution to the 
maintenance and growth of SOC stocks is made by 
inoculating the soil with bacteria that may act on 
soil organic matter (Whitehead et al. 2018; Dignac 
et al. 2017).
Biochar is thought to be a sustainable method of 
sequestering carbon (Wang et al. 2016; Whitehead et 
al. 2018). This is because it facilitates transportation 
and storage of carbon in carbon pools with a long 
half-life, which lowers the overall atmospheric CO2 
concentration. Biochar’s ability to sequester carbon 
is determined by its ability to mineralize SOC and its 
soil stability. Recently, some research has been done 
on the possibility of using biochar to both sequester 
and lower atmospheric carbon dioxide levels and 
highlighted the robustness, longevity, and high C 
content of the biochar (Tsolis and Barouchas, 2023; 
McHenry, 2009). Additionally, biochar incorporation 
is a soil management technique that offers several 
advantages on the physio-chemical features of the 
soil and directly increases carbon sequestration. 
Moreover, biochar has a high organic matter and 
nutrient composition, which makes it a highly 
nutritious crop (Ye et al. 2019; Chen et al. 2023; 
Okareh and Gbadebo, 2020). According to Thies et 
al. (2009), priming is the term used to describe the 
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alteration in native SOC mineralization following 
SOC incorporation. Positive priming occurs when 
the native SOC mineralization increases, whereas 
negative priming occurs when the mineralization 
decreases following the application of the biochar 
(Zimmerman, 2010).
One of the key mechanisms influencing the exchange 
of carbon between the soil and the atmosphere is 
the mineralization of SOC, which is triggered by 
the supply of biochar in the soil. Nevertheless, the 
application of biochar influences the native SOC’s 
mineralization rate (Thies et al. 2009; Chen et al. 
2021; Wang et al. 2016). While “negative priming” 
results in decreased SOC mineralization, “positive 
priming” increases native SOC mineralization. The 
rate of mineralization brought on by the presence 
of biochar has effects, which are categorized as 
negative and positive priming effects (Singh and 
Cowie, 2014; Wendt and Hauser, 2013). Priming has 
been classified as having “positive priming effects,” 
“negative priming effects,” and “no effects” in other 
literary works. Various soil types and variations in 
the properties of the biochar are said to be the cause 

of the variations in the priming effects (Yang et al. 
2022; Wiesmeier et al. 2019). Conversely, priming 
effects are more closely associated with the features 
of biochar, such as pH, organic carbon content, 
the presence of microorganisms, composition, and 
structure, and may result from the integration of 
many pathways (Table 2).

Removal of inorganic pollutants from the soils

Many types of inorganic contaminants typically 
contaminate the soil when they are present in 
larger amounts and pose serious risks to humans 
as well as other living things and organisms 
(Zhang et al. 2013a). These hazardous substances 
are the end product of either industrial processes 
or solid and/or liquid municipal garbage. Copper, 
cadmium, zinc, nickel, lead, and mercury are a 
few examples of extremely poisonous and cancer-
causing metals (Mishra et al. 2019; Qiu et al. 2022). 
Because of its various functional groups, including 
its high organic carbon and porous nature, low-
temperature-produced biochar has the potential 
of absorbing inorganic pollutants form the soil. 

Table 2: Priming effect of biochar addition to soil

Priming (+) Source Priming (-) Source
When microbial activity is enhanced Zimmerman et al. (2010) Increased soil accumulation did not 

affect the SOC
Hernandez-Soriano et al. 
(2016)

Increasing soil fertility which also 
increases microbial population 
growth

Paetsch et al. (2018) The availability of carbon to soil 
microbes is limited due to the absorption 
of organic matter by biochar.

Eggleston et al. (2006)

To better soil aeration resulting from 
the incorporation of biochar to sandy 
soils which increased SOC

Liu et al. (2016) When toxic elements are present in the 
biochar, microbial activities are inhibited

Palansooriya et al. (2019)

Application of biochar amount ≤15% 
(w/w) to the soil.

Han et al. (2022) When the root exudation and 
incorporation occur after the application 
cause negative priming SOC

Weng et al. (2018)

When biochar from manure and crop 
residues is produced at low pyrolysis 
temperatures most constructively 
contributes to priming SOC

Singh and Cowie (2014) Biochar application rate from 0.4 to 1.9% 
(w/w) to the soil.

Abbruzzini et al. (2017)

Three months after the incorporation 
of the biochar, the effect was not 
significant while after six months a 
significant effect was recorded.

Han et al. (2022)

Natural priming experienced a 
positive priming initiation effect when 
biochar was produced at 300 °C, 
while a negative priming effect was 
experienced at 500 °C

Lu et al. (2021)



Revisiting the Potential use of Biochar Amendment in Agricultural Soils: A Review

127Print ISSN : 2347-9655 Online ISSN : 2454-9541

ASSOCIATION FOR AGRICULTURE
ENVIRONMENT AND BIOTECHNOLOGY

A A

E B

By exchanging ions, the heavier poisonous metals 
are typically eliminated, due to the adsorption 
of the porous structure by biochar (Abbas et al. 
2018). Furthermore, biochar was found to have a 
high heavy metal adsorption effectiveness when 
examined utilizing the SEM, FTIR, TEM, and XRD 
techniques. It was discovered in an experiment 
assessing biochar’s ability to immobilize heavy 
metals that biochar has a high potential for doing 
so (Abbas et al. 2018).
Furthermore, it was discovered that soils with 
biochar incorporation had lower levels of lead, 
copper, and cadmium as compared with soil 
without biochar. In addition to animal waste 
and sewage sludge, other biochar raw materials 
including agricultural wastes like maize cobs, corn 
cobs, sugar beet, soybean straw, and switchgrass 
have been used and shown to be effective in 
lowering heavy and toxic metals (Liang et al. 2021). 
Because of its significant attraction for OH and 
COOH functional groups, it has been observed that 
the presence of these groups facilitates the removal 
of copper. Other factors like the pH of the soil and 
the kind of biomass, affect the removal of heavy 
metals primarily (Ramrakhiani et al. 2016; Moses 
et al. 2021). The studies conducted by Yaashika et 
al. (2020) found that the dosage of the biochar also 
affects how well efficiency metals are removed 
(Table 3).

Table 3: Adsorption of heavy toxic metals by biochar 
and their removal efficiency

Heavy metal Material used
Biochar 
Dosage 
(%)

Removal 
efficiency (%)

Cd2+ Chicken manure 5 93.5
Rice straw 40 93.6
Tree back 10 99
Sludge 8 99.9
Rice straw 5 100

Pb2+ Sugarcane straw 5 50
Sludge 5 51.2
Soybean stover 20 90

Zn2+ Hardwood 5 56.7
Corn straw 5 67

U Switchgrass 0.5 90
Cr Sugar beet 

tailings
0.8 88.5

Source: Modified from Yaashika et al. (2020).

Removal of the organic pollutants from the soil

The chemicals used to control pests and diseases, 
such as herbicides, insecticides, nematicides, 
and fungicides including atrazine, simazine, and 
carbofuran, end up in the soil and water as residues 
from agricultural practices (Hassan et al. 2020; 
Gautam et al. 2016; Mohammad et al. 2025; Sairaam 
et al. 2023). Other organic pollutants comprise 
pharmaceuticals and antibiotics like acetaminophen, 
tetracycline, ibuprofen, sulfamethazine, and tyrosine; 
industrial waste chemicals like polycyclic aromatic 
hydrocarbon, catechol, pyrene, phenanthrene, and 
anthracene, naphthalene and organic compound 
that can vaporize including furan, butanol, 
benzene, and trichloroethylene (Mondal et al. 2016; 
Yaashika et al. 2020; Nungula et al. 2023). It was 
discovered that the amount of added biochar to 
the soil increased the degree of organic pollutant 
adsorption. Additionally, it was discovered that as 
the concentration of biochar grew, increase the rate 
at which carbofuran was degraded and adsorbed. 
Adsorption is increased by the quality of the 
functional groups and carboxylic groups (Xiong et 
al. 2019).
Amalina et  a l .  (2023)  discovered that  the 
relationship between organic contaminants and 
biochar dictates the biochar’s capacity to eliminate 
them. Pore diffusion, H-bonding, hydrophobicity, 
physisorption (electrostatic attraction/repulsion), 
and chemisorption (electrophilic contact) are some 
processes for organic contaminants removal. These 
processes occur in the presence of functional 
groups like OH and COOH. Partitioning, chemical 
transformation, and biodegradation are possible 
additional mechanisms at play. Zhu et al. (2017) 
revealed the ratio of applied biochar, biomass 
nature, pH, temperature, and pollutants are possible 
variables that affect how biochar interacts with 
organic pollutants. In an experiment to evaluate the 
removal and uptake of organic pollutants by plants, 
the organic pollutants were found to decrease in 
a biochar-amended soil, but the concentration of 
biochar also increased the removal of the pollutants 
when compared to unamended soils (Gupta et 
al. 2022). The efficiency in removing pollutants 
is accelerated by its particle size; smaller biochar 
particles are said to be more effective in eliminating 
pollutants while simultaneously requiring less time 
to remove them (Jin et al. 2022). Also, Liu et al. (2018) 
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found that factors such as soil pH can influence the 
breakdown and adsorption of contaminants.

Conclusion
Since biochar possesses better properties than 
ordinary sources of soil organic matter, it is highly 
recommended for use by farmers given that it 
significantly improves most of the properties 
resulting in increased soil fertility and high 
agricultural productivity. Moreover, it plays a key 
role in the decontamination or removal of both 
organic and inorganic pollutants thus minimizing 
the chances of the plants to take up the pollutants. 
On the other hand, there is a need to solve the 
negative consequences associated with biochar 
application like the decline of crop yield due to the 
sorption of water, nutrients, and pesticides. Such 
sorption reduces the efficacy and contamination of 
soil with heavy toxic metals. This will make biochar 
a more sustainable amendment for agricultural 
productivity.

References
Abbas, Z., Ali, S., Rizwan, M., Zaheer, I. E., Malik, A., Riaz, 

M. A., and Al-Wabel, M.I. 2018. A critical review of 
mechanisms involved in the adsorption of organic and 
inorganic contaminants through biochar. Arabian Journal 
of Geosciences, 11: 1–23.

Abbruzzini, T.F., Moreira, M.Z., de Camargo, P.B., Conz, 
R.F., and Cerri, C.E.P. 2017. Increasing rates of biochar 
application to soil induce a stronger negative priming 
effect on soil organic carbon decomposition. Agricultural 
Research, 6: 389–398.

Ajayi, A.E. and Rainer, H.O.R.N. 2017. Biochar-induced 
changes in soil resilience: effects of soil texture and biochar 
dosage. Pedosphere, 272: 236–247.

Alghamdi, A.G. 2018. Biochar as a potential soil additive for 
improving soil physical properties—a review. Arabian 
Journal of Geosciences, 1124: 766.

Alkharabsheh, H.M., Mwadalu, R., Mochoge, B., Danga, B., 
Raza, M.A., Seleiman, M.F., Khan N. 2023. Revitalizing 
the biochemical soil properties of degraded Coastal soil 
using Prosopis juliflora biochar. Life, 13: 2098.

Amalina, F., Krishnan, S., Zularisam, A.W. and Nasrullah, 
M. 2023. Biochar and sustainable environmental 
development towards adsorptive removal of pollutants: 
Modern advancements and future insight. Process Safety 
and Environmental Protection, 173: 715-728.

Andrenelli, M.C., Maienza, A., Genesio, L., Miglietta, F., 
Pellegrini, S., Vaccari, F.P. and Vignozzi, N. 2016. Field 
application of pelletized biochar: Short-term effect on 
the hydrological properties of a silty clay loam soil. 
Agricultural Water Management, 163: 190–196.

Arvidsson, J. 1999. Nutrient uptake and growth of barley 
as affected by soil compaction. Plant and Soil, 208: 9–19.

Atkinson, C.J., Fitzgerald, J.D. and Hipps, N.A. 2010. Potential 
mechanisms for achieving agricultural benefits from 
biochar application to temperate soils: a review. Plant 
and Soil, 337: 1–18.

Baiamonte, G., Crescimanno, G., Parrino, F. and De Pasquale, 
C. 2019. Effect of biochar on the physical and structural 
properties of a sandy soil. Catena, 175: 294–303.

Blanco-Canqui, H. 2017. Biochar and soil physical properties. 
Soil Science Society of America Journal, 814: 687–711.

Bruun, S., Jensen, E.S. and Jensen, L.S. 2008. Microbial 
mineralization and assimilation of black carbon: 
Dependency on the degree of thermal alteration. Organic 
Geochemistry, 397: 839–845.

Carter, M. and Bentley, S.P. 2016. Soil properties and their 
correlations. John Wiley & Sons.

Chang, Y., Rossi, L., Zotarelli, L., Gao, B., Shahid, M.A. 
and Sarkhosh, A. 2021. Biochar improves soil physical 
characteristics and strengthens root architecture in 
the Muscadine grape Vitis rotundifolia L.. Chemical and 
Biological Technologies in Agriculture, 8: 1–11.

Chen, G., Fang, Y., Van Zwieten, L., Xuan, Y., Tavakkoli, E., 
Wang, X. and Zhang, R. 2021. Priming, stabilization, and 
temperature sensitivity of native SOC are controlled by 
microbial responses and physicochemical properties of 
biochar. Soil Biology and Biochemistry, 154: 108139.

Chen, Y., Xu, M., Yang, L., Jing, H., Mao, W., Liu, J. and Wu, 
P. 2023. A critical review of biochar application for the 
remediation of greenhouse gas emissions and nutrient 
loss in rice paddies: Characteristics, mechanisms, and 
future recommendations. Agronomy, 133: 893.

Chenu, C., Angers, D.A., Barré, P., Derrien, D., Arrouays, 
D. and Balesdent, J. 2019. Increasing organic stocks 
in agricultural soils: Knowledge gaps and potential 
innovations. Soil and Tillage Research, 188: 41–52.

Collard, F.X. and Blin, J. 2014. A review on pyrolysis of 
biomass constituents: Mechanisms and composition of 
the products obtained from the conversion of cellulose, 
hemicelluloses, and lignin. Renewable and Sustainable 
Energy Reviews, 38: 594–608.

Conte, P., Bertani, R., Sgarbossa, P., Bambina, P., Schmidt, 
H.P., Raga, R. and Lo Meo, P. 2021. Recent developments 
in understanding biochar’s physical–chemistry. Agronomy, 
114: 615.

Cross, A. and Sohi, S.P. 2011. The priming potential of 
biochar products concerning labile carbon contents and 
soil organic matter status. Soil Biology and Biochemistry, 
4310: 2127–2134.

Chappa, L.R., Ilomo, P.H., Ngowi, N.J., Ngaiza, V.V., Nungula, 
E.Z., Makwinja, Y.H., Mng’ong’o, M.E. and Balele, F.S. 
2025. Technological Interventions in Non-Timber Forest 
Products (NTFPs) Processing and Value Addition. In: 
Tiwari S, Banerjee A, Jhariya MK, Kulshrestha R (Eds). 
Processing and Value Addition of Non Timber Forest 
Produce. Apple Academic Press, Florida, USA.



Revisiting the Potential use of Biochar Amendment in Agricultural Soils: A Review

129Print ISSN : 2347-9655 Online ISSN : 2454-9541

ASSOCIATION FOR AGRICULTURE
ENVIRONMENT AND BIOTECHNOLOGY

A A

E B

Dawson, J.J. and Smith, P. 2007. Carbon losses from soil and 
its consequences for land-use management. Science of the 
Total Environment, 3822: 165-190.

de Jong, E. and Gosselink, R.J. 2014. Lignocellulose-based 
chemical products. In Bioenergy research: advances and 
applications pp. 277–313. Elsevier.

Dhyani, V. and Bhaskar, T. 2018. A comprehensive review 
on the pyrolysis of lignocellulosic biomass. Renewable 
Energy, 129: 695–716.

Dignac, M.F., Derrien, D., Barré, P., Barot, S., Cécillon, L., 
Chenu, C. and Basile-Doelsch, I. 2017. Increasing soil 
carbon storage: mechanisms, effects of agricultural 
practices and proxies. A review. Agronomy for Sustainable 
Development, 37: 1–27.

Eggleston, H.S., Buendia, L., Miwa, K., Ngara, T. and Tanabe, 
K. 2006. 2006 IPCC guidelines for national greenhouse 
gas inventories.

Emmanuely, N.Z., Mugwe, J., Nasar, J., Massawe, H.J., 
Karuma, A.N., Maitra, S., Seleiman, M.F., Dindaroglu, 
T., Khan, N. and Gitari, H.I. 2023. Land degradation 
unmasked as the key constraint in sunflower (Helianthus 
annus) production: Role of GIS in revitalizing this vital 
sector. Cogent Food & Agriculture, 9(2): 2267863.

El-Naggar, A., El-Naggar, A.H., Shaheen, S.M., Sarkar, B., 
Chang, S.X., Tsang, D.C. and Ok, Y.S. 2019. Biochar 
composition-dependent impacts on soil nutrient release, 
carbon mineralization, and potential environmental risk: a 
review. Journal of Environmental Management, 241: 458–467.

Esmaeelnejad, L., Shorafa, M., Gorji, M. and Hosseini, S.M. 
2017. Impacts of woody biochar particle size on porosity 
and hydraulic conductivity of biochar-soil mixtures: an 
incubation study. Communications in Soil Science and Plant 
Analysis, 4814: 1710–1718.

Fierer, N. and Schimel, J.P. 2003. A proposed mechanism 
for the pulse in carbon dioxide production commonly 
observed following the rapid rewetting of a dry soil. Soil 
Science Society of America Journal, 673: 798–805.

Garg, A., Huang, H., Cai, W., Reddy, N.G., Chen, P., Han, 
Y. and Zhu, H.H. 2021. Influence of soil density on gas 
permeability and water retention in soils amended with 
in-house produced biochar. Journal of Rock Mechanics and 
Geotechnical Engineering, 133: 593–602.

Gautam, P.K., Gautam, R.K., Banerjee, S., Chattopadhyaya, 
M.C., and Pandey, J.D. 2016. Heavy metals in the 
environment: fate, transport, toxicity and remediation 
technologies. Nova Sci Publishers, 60: 101–130.

Githinji, L. 2014. Effect of biochar application rate on soil 
physical and hydraulic properties of a sandy loam. 
Archives of Agronomy and Soil Science, 604: 457–470.

Giudicianni, P., Cardone, G. and Ragucci, R. 2013. Cellulose, 
hemicellulose and lignin slow steam pyrolysis: Thermal 
decomposition of biomass components mixtures. Journal 
of Analytical and Applied Pyrolysis, 100: 213–222.

Glab, T., Palmowska, J., Zaleski, T. and Gondek, K. 2016. Effect 
of biochar application on soil hydrological properties and 
physical quality of sandy soil. Geoderma, 281: 11-20.

Graber, E.R., Meller Harel, Y., Kolton, M., Cytryn, E., Silber, 
A., Rav David, D. and Elad, Y. 2010. Biochar impact on 
development and productivity of pepper and tomato 
grown in fertigated soilless media. Plant and Soil, 337: 
481–496.

Gupta, P., Gupta, N. and Dash, S. 2022. Biochar for 
sustainable environmental management. Applications 
for bioremediation of contaminated systems. De Gruyter, 
2022, pp. 147-162.

Hamer, U., Marschner, B., Brodowski, S. and Amelung, W. 
2004. Interactive priming of black carbon and glucose 
mineralisation. Organic Geochemistry, 357: 823–830.

Han, H., Buss, W., Zheng, Y., Song, P., Rafiq, M.K., Liu, P., 
and Li, X. 2022. Contaminants in biochar and suggested 
mitigation measures–a review. Chemical Engineering 
Journal, 429: 132287.

Hassan, M.J., Raza, M.A., Rehman, S.U., Ansar, M., 
Khan, I., Wajid, M., Ahmed, M., Shah, G.A., Peng, 
Y. and Li, Z. 2020. Effect of cadmium toxicity 
o n  g r o w t h ,  o x i d a t i ve  d a m a g e ,  a n t i o x i d a n t 
defense system and cadmium accumulation in two 
sorghum cultivars. Plants, 911: 1575.

Hernandez-Soriano, M.C., Kerré, B., Kopittke, P.M., 
Horemans, B. and Smolders, E. 2016. Biochar affects 
carbon composition and stability in soil: a combined 
spectroscopy-microscopy study. Scientific Reports, 61: 
25127.

Holt, J.A. 2021. Innovative water management using advanced 
irrigation systems and biochar Master›s thesis, Utah State 
University.

Huang, J., Li, X., Wu, D., Tong, H. and Li, W. 2013. Theoretical 
studies on pyrolysis mechanism of guaiacol as lignin 
model compound. Journal of Renewable and Sustainable 
Energy, 54.

Huang, J., Liu, C., Tong, H., Li, W. and Wu, D. 2012. Theoretical 
studies on pyrolysis mechanism of xylopyranose. 
Computational and Theoretical Chemistry, 1001: 44–50.

Ippolito, J.A., Spokas, K.A., Novak, J.M., Lentz, R.D. and 
Cantrell, K.B. 2015. Biochar elemental composition and 
factors influencing nutrient retention. In Biochar for 
environmental management, pp. 139-163. Routledge.

Jafri, N., Wong, W.Y., Doshi, V., Yoon, L.W. and Cheah, K.H. 
2018. A review on production and characterization of 
biochars for application in direct carbon fuel cells. Process 
Safety and Environmental Protection, 118: 152–166.

Jin, Z., Xiao, S., Dong, H., Xiao, J., Tian, R., Chen, J. and Li, 
L. 2022. Adsorption and catalytic degradation of organic 
contaminants by biochar: Overlooked role of biochar’s 
particle size. Journal of Hazardous Materials, 422: 126928.

Jindo, K., Mizumoto, H., Sawada, Y., Sanchez-Monedero, 
M.A. and Sonoki, T. 2014. Physical and chemical 
characterization of biochars derived from different 
agricultural residues. Biogeosciences, 1123: 6613–6621.

John, B. 2021. Adsorption of Erichrome Black T From Aqueous 
Solution Using Biochar.



Ngaiza et al.

130Print ISSN : 2347-9655 Online ISSN : 2454-9541

ASSOCIATION FOR AGRICULTURE
ENVIRONMENT AND BIOTECHNOLOGY

A A

E B

Jones, D.L., Murphy, D.V., Khalid, M., Ahmad, W., Edwards-
Jones, G. DeLuca, T. H. 2011. Short-term biochar-induced 
increase in soil CO2 release is both biotically and 
abiotically mediated. Soil Biology and Biochemistry, 438: 
1723–1731.

Ilomo, P.H., Lyakurwa, F.S., Ngaiza, V.V., Nungula, E.Z., 
Ngowi, N.J., Chappa, L.R., Mng’ong’o, M.E. and 
Nyambele, KA. 2025. Industry Institution Collaboration 
for Non-Timber Forest Products (NTFPs) Processing and 
Value Addition. In: Tiwari S, Banerjee A, Jhariya MK, 
Kulshrestha R (Eds). Processing and Value Addition of 
Non Timber Forest Produce. Apple Academic Press, 
Florida, USA.

Karami, N., Clemente, R., Moreno-Jiménez, E., Lepp, N.W. 
and Beesley, L. 2011. Efficiency of green waste compost 
and biochar soil amendments for reducing lead and 
copper mobility and uptake to ryegrass. Journal of 
Hazardous Materials, 1911(3): 41–48.

Khan, M.S.U., Kamruzzaman, M., Ritu, S.A., Khanom, S., 
Hossain, M. and Islam M.R. 2025. Harnessing Biochar: A 
Sustainable Approach to Fluoride Removal from Water. 
In: Sharma K. (Ed) Fluorides in Drinking water: Source, 
Issue, and Mitigation Strategies. Springer, Cham., pp 
223–254.

Knicker, H. 2007. How does fire affect the nature and 
stability of soil organic nitrogen and carbon? A review. 
Biogeochemistry, 851: 91–118.

Knicker, H., Hilscher, A., González-Vila, F.J. and Almendros, 
G. 2008. A new conceptual model for the structural 
properties of char produced during vegetation fires. 
Organic Geochemistry, 398: 935–939.

Kolb, S.E., Fermanich, K.J. and Dornbush, M.E. 2009. Effect 
of charcoal quantity on microbial biomass and activity 
in temperate soils. Soil Science Society of America Journal, 
734: 1173–1181.

Krishna, T.G., Maitra, S., Sairam, M., Maheswari, N., 
Hemasree, K.R. and Ray, S. 2024. Precision Nutrient 
Management and Plant Stand Influence the Growth and 
Productivity of Maize under North Eastern Ghat Region 
of Odisha, India. International Journal of Bioresource Science, 
11: 191–204.

Kuzyakov, Y., Subbotina, I., Chen, H., Bogomolova, I. and Xu, 
X. 2009. Black carbon decomposition and incorporation 
into soil microbial biomass estimated by 14C labeling. Soil 
Biology and Biochemistry, 412: 210–219.

Laird, D., Fleming, P., Wang, B., Horton, R. and Karlen, 
D. 2010. Biochar impact on nutrient leaching from a 
Midwestern agricultural soil. Geoderma, 1583(4): 436–442.

Lal, R. 2018. Digging deeper: A holistic perspective of 
factors affecting soil organic carbon sequestration in 
agroecosystems. Global Change Biology, 248: 3285–3301.

Li, H., Dong, X., da Silva, E.B., de Oliveira, L.M., Chen, Y. and 
Ma, L.Q. 2017. Mechanisms of metal sorption by biochar: 
Biochar characteristics and modifications. Chemosphere, 
178: 466–478.

Liang, B., Lehmann, J., Solomon, D., Kinyangi, J., Grossman, 
J., O’Neill, B.J.O.J.F.J.J.E.G. and Neves, E. G. 2006. Black 
carbon increases cation exchange capacity in soils. Soil 
Science Society of America Journal, 705: 1719–1730.

Liang, C., Gascó, G., Fu, S., Méndez, A. and Paz-Ferreiro, J. 
2016. Biochar from pruning residues as a soil amendment: 
effects of pyrolysis temperature and particle size. Soil and 
Tillage Research, 164: 3–10.

Liang, L., Xi, F., Tan, W., Meng, X., Hu, B. and Wang, X. 2021. 
Review of organic and inorganic pollutants removal by 
biochar and biochar-based composites. Biochar, 3: 255–281.

Lin, Y., Ma, X., Peng, X., Yu, Z., Fang, S., Lin, Y. and Fan, Y. 
2016. Combustion, pyrolysis, and char CO2-gasification 
characteristics of hydrothermal carbonization solid fuel 
from municipal solid wastes. Fuel, 181: 905–915.

Liu, S, Wei, L.S., Zhang YaoJun, Z.Y., Zong YaJie, Z.Y., Hu 
Zhi Qiang, H.Z., Wu Shuang, W.S., Zhou Jie, Z.J. and 
Zou JianWen, Z.J. 2016. Response of soil carbon dioxide 
fluxes, soil organic carbon, and microbial biomass carbon 
to biochar amendment: a meta-analysis.

Liu, Y., Lonappan, L., Brar, S.K. and Yang, S. 2018. Impact of 
biochar amendment in agricultural soils on the sorption, 
desorption, and degradation of pesticides: a review. 
Science of the Total Environment, 645: 60–70.

Lu, T., Wang, X., Du, Z. and Wu, L. 2021. Impacts of continuous 
biochar application on major carbon fractions in the soil 
profile of North China Plain’s cropland: In comparison 
with straw incorporation. Agriculture, Ecosystems & 
Environment, 315: 107445.

Malińska, K. 2012. Biowęgiel odpowiedzią na aktualne 
problemy ochrony środowiska. Inżynieria i ochrona 
środowiska, 154: 387–403.

McHenry, M.P. 2009. Agricultural bio-char production, 
renewable energy generation, and farm carbon 
sequestration in Western Australia: Certainty, uncertainty 
and risk. Agriculture, Ecosystems and Environment, 1291(3): 
1–7.

Mishra, R.K., Kumar, D.J.P., Narula, A., Chistie, S.M. and 
Naik, S.U. 2023. Production and beneficial impact of 
biochar for environmental application: A review on 
types of feedstocks, chemical compositions, operating 
parameters, techno-economic study, and life cycle 
assessment. Fuel, 343: 127968.

Mishra, S., Bhargava, R.N., More, N., Yadav, A., Zainith, 
S., Mani, S. and Chowdhary, P. 2019. Heavy metal 
contamination: an alarming threat to the environment and 
human health. Environmental Biotechnology for Sustainable 
Future, pp. 103–125.

Mohammad, A., Rasoul, F., Emmanuely, Z.N, Sagar, M. and 
Harun G. 2025. Judicious use of weed-suppressive living 
mulches reduces not only reliance on herbicides but also 
optimizes potato yield. International Journal of Bioresource 
Science, 12.

Mondal, S., Bobde, K., Aikat, K., and Halder, G. 2016. 
Biosorptive uptake of ibuprofen by steam activated biochar 
derived from mung bean husk: equilibrium, kinetics, 



Revisiting the Potential use of Biochar Amendment in Agricultural Soils: A Review

131Print ISSN : 2347-9655 Online ISSN : 2454-9541

ASSOCIATION FOR AGRICULTURE
ENVIRONMENT AND BIOTECHNOLOGY

A A

E B

thermodynamics, modeling, and eco-toxicological studies. 
Journal of Environmental Management, 182: 581-594.

Mu, W., Ben, H., Ragauskas, A. and Deng, Y. 2013. Lignin 
pyrolysis components and upgrading—technology 
review. Bioenergy Research, 6: 1183–1204.

Muh, E., Tabet, F. and Amara, S. 2021. Biomass conversion 
to fuels and value-added chemicals: a comprehensive 
review of the thermochemical processes. Curr Altern 
Energy, 41: 3–25.

Mwadalu, R., Mochoge, B., Mwangi, M., Maitra, S. 2022. 
Response of Gadam Sorghum Sorghum bicolor to Farmyard 
Manure and Inorganic Fertilizer Application. International 
Journal of Agriculture, Environment, and Biotechnology, 
1501: 51–60.

Mwadalu, R., Rutto, M., Abdi, A.M., Chappa, L.R., Nungula, 
E.Z., Ngaiza, V.V., Raj, A., Dlamini, J.C., Raza, M.A., 
Soratto, R.P. and Nasar, J. 2025. Potential of biochar for 
defluoridation of drinking water: A review. In: Sharma, 
K. Ed Fluorides in Drinking water - Source, Issue, and 
Mitigation Strategies. Springer, Cham., pp 143–161.

Nair, S.P., Aziz, T., Das, D., Bora, J.J., Unnarkat, A.P. and 
Namdeo, A. 2022. Production and applications of biochar. 
In Biomass, Biofuels, Biochemicals, pp. 263-286.

Nanda, S., A Kozinski, J. and K Dalai, A. 2016. Lignocellulosic 
biomass: a review of conversion technologies and fuel 
products. Current Biochemical Engineering, 31: 24–36.

Moses, N.M., Muui, C. and Gweyi-Onyango, J.P. 2021. 
Cadmium mobility, uptake and accumulation in spinach, 
kale and amaranths vegetables as influenced by Silicon 
fertilization. Bioremediation Journal, 26: 113–127.

Nungula, E.Z., Raza, M.A., Nasar, J., Maitra, S., Seleiman, 
M.F., Ranjan, S., Padhan, S.R., Sow, S., Gaikwad, D.J. 2024. 
Cadmium in soil and plants: A review. In: Jha AK, Kumar 
N Eds. Cadmium Toxicity in Water: Challenges and 
Solutions. Springer, Cham. https://doi.org/10.1007/978-
3-031-54005-9_2.

Obia, A., Mulder, J., Martinsen, V., Cornelissen, G. and 
Børresen, T. 2016. In situ effects of biochar on aggregation, 
water retention and porosity in light-textured tropical 
soils. Soil and Tillage Research, 155: 35–44.

Okareh, O.T. and Gbadebo, A.O. 2020. Enhancement of 
Soil Health Using Biochar. In Applications of Biochar for 
Environmental Safety. IntechOpen.

Osayi, J.I., Iyuke, S. and Ogbeide, S.E. 2014. Biocrude 
production through pyrolysis of used tyres. Journal of 
Catalysts, 2014.

Paetsch, L., Mueller, C.W., Kögel-Knabner, I., Von Lützow, 
M., Girardin, C. and Rumpel, C. 2018. Effect of in-situ 
aged and fresh biochar on soil hydraulic conditions and 
microbial C use under drought conditions. Scientific 
Reports, 81: 6852.

Palansooriya, K.N., Wong, J.T.F., Hashimoto, Y., Huang, L., 
Rinklebe, J., Chang, S.X. and Ok, Y.S. 2019. Response of 
microbial communities to biochar-amended soils: a critical 
review. Biochar, 1: 3-22.

Pang, S. 2019. Advances in thermochemical conversion 
of woody biomass to energy, fuels and chemicals. 
Biotechnology Advances, 374: 589–597.

Paz‐Ferreiro, J., Méndez, A. and Gascó, G. 2016. Application 
of biochar for soil biological improvement. Agricultural 
and Environmental Applications of Biochar: Advances and 
Barriers, 63: 145-173.

Qiu, M., Liu, L., Ling, Q., Cai, Y., Yu, S., Wang, S. and Wang, 
X. 2022. Biochar for the removal of contaminants from 
soil and water: a review. Biochar, 41: 19.

Ramrakhiani, L., Ghosh, S. and Majumdar, S. 2016. 
Surface modification of naturally available biomass for 
enhancement of heavy metal removal efficiency, upscaling 
prospects, and management aspects of spent biosorbents: 
a review. Applied Biochemistry and Biotechnology, 180: 
41–78.

Rasul, M., Cho, J., Shin, H.S. and Hur, J. 2022. Biochar-induced 
priming effects in soil via modifying the status of soil 
organic matter and microflora: A review. Science of the 
Total Environment, 805: 150304.

Ray, S., Maitra, S., Sairam, M., Sameer, S., Sagar, L. and Divya, 
B.S. 2025. The Nexus between Intercropping Systems, 
Ecosystem Services and Sustainable Agriculture: A 
Review. Research on Crops, 26: 1166.

Riziki, M., Ndufa, J., Maitra, S. and Gweyi-Onyango, J. 2024. 
Review of Scientific Advances and Importance of Biochar 
for Agricultural and Industrial Use. International Journal 
of Bioresource Science, 11: 205–219.

Sahoo, U., Maitra, S., Hossain, A, Santosh, D.T., Nath, S., 
Sairam, M., Sagar, M., Jena, J., Pattanayak, S. and Rezaei-
Chiyaneh, E. 2024. Biochar for soil health improvement 
in the present context of climate change: a reality or 
fantasy. In: Fahad S, Adnan M, Zhou R, Nawaz T, Saud S 
Eds. Biochar-assisted Remediation of Contaminated Soils 
Under Changing Climate. Elsevier, Chapter 1, pp. 1–33,

Sairaam, M., Maitra, S., Praharaj, S., Nath, S., Shankar, T., 
Sahoo, U., Santosh, D.T., Sagar, L., Panda, M., Priya, G.S., 
Ashwini, T.R., Gaikwad, D.J., Hossain, A., Pramanick, 
B., Jatav, H.S. and Aftab, T. 2023. An Insight into the 
Consequences of Emerging Contaminants in Soil and 
Water and Plant Responses. In: Aftab T. Ed. Emerging 
Contaminants and Plants. Springer, Cham., pp. 1–27.

Sakhiya, A.K., Anand, A. and Kaushal, P. 2020. Production, 
activation, and applications of biochar in recent times. 
Biochar, 2: 253–285.

Sanderman, J., Hengl, T., Fiske, G., Solvik, K., Adame, M.F., 
Benson, L. and Landis, E. 2018. A global map of mangrove 
forest soil carbon at 30 m spatial resolution. Environmental 
Research Letters, 135: 055002.

Schmidt, M.W. and Noack, A.G. 2000. Black carbon in soils 
and sediments: analysis, distribution, implications, and 
current challenges. Global Biogeochemical Cycles, 143: 
777–793.

Shaheen, S.M., Niazi, N.K., Hassan, N.E., Bibi, I., Wang, H., 
Tsang, D.C. and Rinklebe, J. 2019. Wood-based biochar 
for the removal of potentially toxic elements in water 



Ngaiza et al.

132Print ISSN : 2347-9655 Online ISSN : 2454-9541

ASSOCIATION FOR AGRICULTURE
ENVIRONMENT AND BIOTECHNOLOGY

A A

E B

and wastewater: a critical review. International Materials 
Reviews, 644: 216–247.

Shao, Z., Zhang, X., Nasar, J. and Gitari H. 2024. Synergetic 
Effect of Potassium, Biochar and Cattle Manure on the 
Growth and Yield of Maize, and Soil Physio-chemical 
Characteristics. Plants, 13: 3345.

Shen, D., Xiao, R., Gu, S. and Luo, K. 2011. The pyrolytic 
behavior of cellulose in lignocellulosic biomass: a review. 
RSC Advances, 19: 1641–1660.

Singh, B.P. and Cowie, A.L. 2014. Long-term influence of 
biochar on native organic carbon mineralisation in a low-
carbon clayey soil. Scientific Reports, 41: 3687.

Skjemstad, J.O., Reicosky, D.C., Wilts, A.R. and McGowan, 
J.A. 2002. Charcoal carbon in US agricultural soils. Soil 
Science Society of America Journal, 664: 1249–1255.

Spokas, K.A., Koskinen, W.C., Baker, J.M. and Reicosky, 
D.C. 2009. Impacts of woodchip biochar additions on 
greenhouse gas production and sorption/degradation 
of two herbicides in a Minnesota soil. Chemosphere, 774: 
574–581.

Suliman, W., Harsh, J.B., Abu-Lail, N.I., Fortuna, A.M., 
Dallmeyer, I. and Garcia-Pérez, M. 2017. The role of 
biochar porosity and surface functionality in augmenting 
hydrologic properties of a sandy soil. Science of the Total 
Environment, 574: 139–147.

Tanure, M.M.C., da Costa, L.M., Huiz, H.A., Fernandes, 
R.B.A., Cecon, P.R., Junior, J.D.P. and da Luz, J.M.R. 2019. 
Soil water retention, physiological characteristics, and 
growth of maize plants in response to biochar application 
to soil. Soil and Tillage Research, 192: 164–173.

Thies, J.E., Rillig, M.C., Lehmann, J. and Joseph, S. 2009. 
Biochar for environmental management: Science and 
technology. Edited Lehmann J, Joseph S, Earthscan, 
Sterling, VA, USA, pp. 85–106.

Toková, L., Igaz, D., Horák, J. and Aydin, E. 2020. Effect 
of biochar application and re-application on soil bulk 
density, porosity, saturated hydraulic conductivity, water 
content and soil water availability in a silty loam Haplic 
Luvisol. Agronomy, 107: 1005.

Tomczyk, A., Sokołowska, Z. and Boguta, P. 2020. Biochar 
physicochemical properties: pyrolysis temperature and 
feedstock kind effects. Reviews in Environmental Science 
and Biotechnology, 191: 191–215.

Tripathi, M., Sahu, J.N. and Ganesan, P. 2016. Effect of process 
parameters on production of biochar from biomass waste 
through pyrolysis: A review. Renewable and Sustainable 
Energy Reviews, 55: 467-481.

Victor, N.V., Nungula, E.Z., Ngowi, N.J., Chappa, L.R., 
Ilomo, P.H., Mng’ong’o, M.E. and Nyambele, K.A. 
2025. Non-Timber Forest Products, Processing and 
Sustainable Harvesting. In: Tiwari S, Banerjee A, Jhariya 
MK, Kulshrestha R (Eds). Processing and Value Addition 
of Non Timber Forest Produce. Apple Academic Press, 
Florida, USA.

Tsolis, V. and Barouchas, P. 2023. Biochar as soil amendment: 
the effect of biochar on soil properties using VIS-NIR 

diffuse reflectance spectroscopy, biochar ageing and soil 
microbiology—a review. Land, 128: 1580.

Wang, J. and Wang, S. 2019. Preparation, modification and 
environmental application of biochar: A review. Journal 
of Cleaner Production, 227: 1002–1022.

Wang, J., Xiong, Z. and Kuzyakov, Y. 2016. Biochar stability in 
soil: meta‐analysis of decomposition and priming effects. 
Gcb Bioenergy, 83: 512–523.

Wei, J., Tu, C., Yuan, G., Liu, Y., Bi, D., Xiao, L., and Zhang, 
X. 2019. Assessing the effect of pyrolysis temperature on 
the molecular properties and copper sorption capacity of 
a halophyte biochar. Environmental Pollution, 251: 56–65.

Wendt, J.W. and Hauser, S. 2013. An equivalent soil mass 
procedure for monitoring soil organic carbon in multiple 
soil layers. European Journal of Soil Science, 641: 58–65.

Weng, Z.H., Van Zwieten, L., Singh, B.P., Tavakkoli, 
E., Kimber, S., Morris, S. and Cowie, A. 2018. The 
accumulation of rhizodeposits in organo-mineral fractions 
promoted biochar-induced negative priming of native soil 
organic carbon in Ferralsol. Soil Biology and Biochemistry, 
118: 91-96.

Whitehead, D., Schipper, L.A., Pronger, J., Moinet, G.Y., 
Mudge, P.L., Pereira, R.C. and Camps-Arbestain, M. 
2018. Management practices to reduce losses or increase 
soil carbon stocks in temperate grazed grasslands: 
New Zealand as a case study. Agriculture, Ecosystems & 
Environment, 265: 432–443.

Wiesmeier, M., Urbanski, L., Hobley, E., Lang, B., von Lützow, 
M., Marin-Spiotta, E. and Kögel-Knabner, I. 2019. Soil 
organic carbon storage as a key function of soils-A review 
of drivers and indicators at various scales. Geoderma, 333: 
149–162.

Wu, K., Cao, M., Zeng, Q. and Li, X. 2023. Radical and photo 
electron transfer induced mechanisms for lignin photo-
and electro-catalytic depolymerization. Green Energy & 
Environment, 82: 383–405.

Xiong, W., Zeng, Z., Li, X., Zeng, G., Xiao, R., Yang, Z. and 
Qin, L. 2019. Ni-doped MIL-53 Fe nanoparticles for 
optimized doxycycline removal by using response surface 
methodology from aqueous solution. Chemosphere, 232: 
186–194.

Xu, X., Zhao, Y., Sima, J., Zhao, L., Mašek, O. and Cao, X. 
2017. Indispensable role of biochar-inherent mineral 
constituents in its environmental applications: A review. 
Bioresource Technology, 241: 887–899.

Yaashika, P.R., Kumar, P.S., Varjani, S. and Saravanan, A. 2020. 
A critical review of the biochar production techniques, 
characterization, stability and applications for circular 
bioeconomy. Biotechnology Reports, 28: e00570.

Yang, Y., Sun, K., Han, L., Chen, Y., Liu, J. and Xing, B. 2022. 
Biochar stability and impact on soil organic carbon 
mineralization depend on biochar processing, ageing and 
soil clay content. Soil Biology and Biochemistry, 169: 108657.

Ye, S., Zeng, G., Wu, H., Liang, J., Zhang, C., Dai, J. and 
Yu, J. 2019. The effects of activated biochar addition 
on remediation efficiency of co-composting with 



Revisiting the Potential use of Biochar Amendment in Agricultural Soils: A Review

133Print ISSN : 2347-9655 Online ISSN : 2454-9541

ASSOCIATION FOR AGRICULTURE
ENVIRONMENT AND BIOTECHNOLOGY

A A

E B

contaminated wetland soil. Resources, Conservation and 
Recycling, 140: 278–285.

Zaman, C.Z., Pal, K., Yehye, W.A., Sagadevan, S., Shah, 
S.T., Adebisi, G.A. and Johan, R.B. 2017. Pyrolysis: a 
sustainable way to generate energy from waste. Pyrolysis, 
1: 3-36.

Zhang, M., Gao, B., Varnoosfaderani, S., Hebard, A., Yao, Y. 
and Inyang, M. 2013a. Preparation and characterization of 
a novel magnetic biochar for arsenic removal. Bioresource 
Technology, 130: 457–462.

Zhang, Q., Wang, Y., Wu, Y., Wang, X., Du, Z., Liu, X. and 
Song, J. 2013b. Effects of biochar amendment on soil 
thermal conductivity, reflectance, and temperature. Soil 
Science Society of America Journal, 775: 1478-1487.

Zhang, Y., Wang, J. and Feng, Y. 2021. The effects of biochar 
addition on soil physicochemical properties: A review. 
Catena, 202: 105284.

Zhu, X., Chen, B., Zhu, L. and Xing, B. 2017. Effects and 
mechanisms of biochar-microbe interactions in soil 
improvement and pollution remediation: a review. 
Environmental Pollution, 227: 98–115.

Zimmerman, A.R. 2010. Abiotic and microbial oxidation of 
laboratory-produced black carbon biochar. Environmental 
Science & Technology, 444: 1295-1301.




	_Hlk162337345
	_Hlk162337369
	_Hlk162337391
	_Hlk162337418
	_Hlk162337481
	_Hlk162337506
	_Hlk162337534
	_Hlk162337565
	_Hlk162003401
	_Hlk161997597
	_Hlk161910003
	_Hlk161950800
	_Hlk162006285
	_Hlk161946675

